A dynamic pricing strategy on the cooperation between a hotel and an online travel agency (OTA) is commonly applied to build a pricing policy. The purpose of this study is to propose a pricing policy according to the dynamic pricing model on a single online travel agency channel. The paper provides a dynamic pricing model adjusted to hotel problems with multiple room types. The study consists of two stages. First, we apply a revenue management tool that is dynamic pricing to model the effect of price on demand. The price dynamically changes based on the parameter of demand model. Second, we use a nonlinear integer programming approach to maximize the profit by substituting the demand model which has the lowest root mean square error. The parameter of the demand model is estimated by using the historical sales-price data from one of the hotels in Bandung, West Java, Indonesia. Our results propose a pricing policy of each room types that able to increase 18.54% from the historical sales profit. The proposed pricing policy completes the gap of the method in the existing pricing policy. Moreover, the findings provide an optimal room rate to the front office manager along the planning horizon.
Introduction
In the last few decades, many hotels have collaborated with online travel agency (OTA) to book hotel rooms in the tourism industry [1] . The challenges facing for the hotel is to utilize the OTA channel to maximize revenue by managing hotel room information, such as the offered room rate. To obtain the optimal rate, the hotels generally develop a pricing policy by using the tools on revenue management [2] .
Revenue management has commonly applied for hotel industry to achieve an optimal level of net revenue that mostly generated from the room sales [3] . Particularly, hotel revenue management defines as an essential instrument for selling the right room to the right customer, the right time, the right price, and the right distribution channel with the best commission efficiency [3, 4] .
The tools used in the concept of revenue management to manage the price strategy called as pricing tools [3] . A few researchers have developed pricing policy with the pricing tools such as price discrimination, dynamic pricing, price presentation, price parity, and lowest price guarantee. However, in the last few years, dynamic pricing has increasingly adopted and successfully operated in terms of evolving pricing policy in hotel industry [2, 5] . Dynamic pricing is defined as a strategy to model the effect between the price for a product or service on the specific period and price along the planning horizon or known as demand model [6] .
Previous researches have addressed dynamic pricing for hotel revenue management. For example, dynamic pricing approach is based on price multipliers that use Monte Carlo Simulation as an optimization algorithm [7] ; structure of dynamic pricing depending on the type of customer, star rating, and number of suppliers with available rooms that using panel data analysis [8] ; and proposed dynamic pricing optimization model use the reservation scenario which forecasted demand generated from hotel simulator [2] .
Existing research has developed dynamic pricing by considering multiple room types [2, 7] , but not considering the demand model of each room types. This study proposes dynamic pricing models by considering demand model with multiple room types. Particularly, the demand models which the most used are a linear model, exponential model, and multinomial logit model [6] .
A few of researches has applied a heuristic method to solve the optimization problem, such as delay time optimization [9] , reducing of block product [10] , and reducing travel distance [11] . In this study, the heuristic method that will be used is nonlinear integer programming. It is adopted from [2] and adjusted based on the form of decision variables that has an integer form. The problem of dynamic pricing optimization is solved by nonlinear integer programming to get the global optimal average price with the result that maximum profit will be obtained on the entire range of curves.
This paper is organized as follows. Section 2 describes research methodology including the research approach and data collection. Section 3 shows the modeling framework concerning the formulation of dynamic pricing model and the demand model. Section 4 presents the numerical examples by comparing each demand model and describes the analysis of numerical results. Section 5 summarizes the results of this study and determining future work.
Research Methodology
Research Approach. This study present pricing policy for multiple room types with applying the dynamic pricing model and considering the demand model. The idea of pricing for multiple room types is acquired from [3] because each room has its own characteristics of segments. These characteristics show that each room cannot be generalized as an identical price because the different price leads to different service value expectations and perception among the customers. Hence, we are involving the index of room types to the dynamic pricing model, among others superior and deluxe. The components of dynamic pricing model are adopted from [6] to represent the influence of price along planning horizon on the demand in a certain period. These components model include the average price of product, the number of sales, and variable cost. This model illustrates the relationship the price of each period in the planning horizon on demand of a certain periods. To discover the relationship between price and demand, we refer to the demand models on [6] that are the most extensively used. Fig. 1 Data Collection. Data used in this study were obtained from the results of interviews and data collection of room bookings throughout 2017 -2018 at one of the hotels in Bandung, Jawa Barat, Indonesia. Room booking data through a single OTA channel was used in this study. This following data is taken to serve as input data: historical sales of each room types along 2017 -2018; historical average room rate of each room types along 2017 -2018; and variable cost of each room types.
Modeling Framework
In this section, we present an adjusted modeling framework based on the problem of dynamic pricing optimization at the hotel. The proposed model focuses on the application of pricing tools. The modeling framework in this research is illustrated in Fig. 2 . The assumptions of the proposed model are: capacity for each type of room and each period are fixed, average room rate constrained based from the highest and the lowest historical average room rate, total profit is not affected by length of stay, and sales of rooms along the planning horizon are fitted based on the demand model. 
Fig. 2. Modeling Framework
The stakeholders of the real system are hotel, customer, and OTA. The purpose of the first stage is to determine the model parameters and compare the root mean square error of the demand models. In this study, we apply the linear model and exponential model which fitted to the historical sales-price data [6] . The historical sales-price data is obtained from customer demand. In the linear model and exponential model, linear regression is used to obtain the model parameters.
Furthermore, the hotel and OTA involved in the second stage. The aim of the second stage is calculating the sales profit of each room types along the planning horizon (Π(Qkt)). Total sales profit is obtained from the difference between the total sales revenue (QktPkt) and total variable cost (QktCkt). The forecasted sales (Qkt) defined as a function of average room rate for each room types and period by substituting the demand model parameters. Forecasted sales should be on integer form, because of the room demand characteristic. Therefore, Qkt and Pkt will be estimated with nonlinear integer programming to maximize the total sales profit along the planning horizon. Forecasted sales have a value that not exceeded the room capacity constraint (Mk ≤ Qkt ≤ Kk) and Pkt must be in the price band (Pkt ≤ Pkt ≤ kt P ).
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Demand Model Formulation. The demand model in each period obtained from historical sales-price data. The demand model function is determined based on the price dependent relationship to the number of demand/sales [6] . These are two types of demand models used in this study: linear model and exponential model.
Linear model
This model assumes that prices depend linearly on the demand. Linear model formulation is shown in Eq. 1 where at is an intercept of linear model that explains the number of customers who are willing to buy the room in period t and bjt is a slope of linear model which defines the effect of prices in period j on demand in period t.
2. Exponential model In this model, it is assumed that the relationship between price and demand is exponential. The formulation of exponential demand model is shown in Eq. 2. The parameters consist of at and bjt are the same as the parameters in the linear model. While the value of e is the basis of natural logarithms (e = 2.718).
(2)
Dynamic Pricing Model Formulation. The idea of dynamic pricing is to model the influence of product prices along planning on demand at a certain period. The most important factor on the amount of demand is the price itself [6] . In this study, the objective of dynamic pricing model is to maximize sales profits on the single online travel agency channel. The dynamic pricing model is stated as Eq. 3 that refer to [6] and considering multiple room types.
The value of Π(Qkt) means the total sales profit from period t to N of each room types that offered to online travel agency (k = 1, …, L). Equation 1 describes total sales profits in each period and type of room derived from the multiplication of the number of sales (Qkt) with the profit margin (Pkt -Ckt). Sales of each room in the period t are within room capacity range of each type of room for online channels. In this case, the amount of capacity or can be called allocation for all types of rooms per period is the same so that the capacity constraint for these problems is shown in Eq. 4. The number of sales must be integer values. By that statement, the model includes an integer bound that stated in Eq. 5.
The price band for all room types for each period is determined based on the highest value and the lowest value of historical room rate data. The determination of the price band is intended so that the proposed average room rate will produce profits that are not lower or higher than the historical profit. Eq. 6 shows the price constraint for the average room rate that will be proposed each period. Optimization Algorithm. We present the workflow of an algorithm to elaborating the main step of optimization. This algorithm is used to solve the dynamic pricing problem according to the demand model. We apply nonlinear integer programming to perform the algorithm and obtain the optimal solution. These are the main steps of the optimization algorithm.
1. Obtain the parameter of demand model by using multiple linear regression. 2. Input the parameters from demand model (at, bjt) with the lowest root mean square error and the variable cost (Ckt) to the objective function. 3. Generate a room rate (Pkt) consisting of N and L solution. 4. Select the solution set of room rate that subjecting to capacity constraint, integer bound and price band. 5. Update the total sales profit (Π(Qkt)) that input from step 3 until the maximum objective is meet.
Numerical Examples and Analysis
This experiment is intended to determine the average room rate of deluxe room (k = 1) and superior room (k = 2) for the next four weeks (N = 4). We consider the historical data of sales (room nights) and prices throughout the 26 weeks. The initial stage of the experiment was conducted to determine the demand model for each room types based on the root mean square error value. (7) Eq. 7 shows the formula of RMSE, where the value of K is the number of sample data. The RMSE value aims to measure the level of accuracy of the results of a model. Based on the results of the RMSE calculation for each demand model, we can see that the linear model produces the best performance. This is because the smaller the RMSE value means that the demand model approaches the optimal policy [7] . Therefore, the parameters in the linear model are input for the profit optimization model using nonlinear integer programming. Table 2 shows the linear model parameters for each room type. We considered parameters for capacity constraint and price band that used to solve profit optimization are presented in Table 3 . The component of optimization describes as follows: sales of each rooms are defined as system variable; average room rate (ARR) is defined as decision variable; and the total profit of each room type along the planning horizon is defined as an objective function. Table 4 present the results of optimization using nonlinear integer programming. Furthermore, we validate the model to ensure the purposed model represent the real system. The model is valid if the results show the logical behavior. We build a scenario by changing the value of ARR to analyze the model. The logical behavior should be present the lower profit if the ARR has a different value compared to the optimal result. Table 5 clarifies the validation result by calculate the sales profit between the lowest room rate, the highest room rate, and the proposed average room rate. The result shows that the sales profit is decreasing during the changes of ARR. This is logical because the purchasing power of customers to book a room is low when it is high-priced. Another logical behavior is shown that the sales profit has a lower value because the room selling power is too low or in other words the offered price is not competitive. Based on the previous result, we conclude the proposed model is logical in which the profit turns into non-optimal.
According to the optimization purpose, we compare the historical sales profit with optimized sales profit. The historical profit is taken from the corresponding month. Table 6 shows the increase of profit after the optimization. The optimization can increase the sales profit by 18.54% from historical sales profit. The proposed model gives an option for the front office manager in determining the room rates. The existing pricing policy is subjective, because it is determined based on intuition from the front office manager. This is potentially bad if the front office manager is no longer working at the hotel later. The hotel needs a method to build a pricing policy without relying on the front office manager in order to increase the sales profit or at least be equal to the previous horizon. Our proposed model completes the gap of the method in the existing pricing policy. Furthermore, the average room rate can be adjusted daily based on the certain event such as national holiday, graduation, new year eve, and other events as long as the offered room rate reach the optimal average room rate in a week.
Conclusion
Utilization of the online travel agency channel by setting the room rate is important to maximize the total sales profits. The dynamic pricing can be a strategic tool to optimize the profit by differing prices based on the demand model. The front office manager can adjust the price according to the effect of price along the planning horizon on the demand for certain period by fitting the historical sales-price data to the demand model.
This study has shown the linear model has a minimum root mean square error that represents a better performance rather than the exponential model. This study also shows the proposed average room rate that generates a higher sales profit than the historical sales profit. We also validate the model to confirm the logical behavior of the model result. The validation result shows the profit is decreasing when the ARR changes to be lower or higher. Our proposed model also handles the gap of the method in the existing pricing policy.
In future work, we will consider the length of stay, overbooking, group size, cancellations, and no show up to build a pricing policy. For handling the complex problem, we will consider using the evolutionary algorithm that obtains a more accurate pricing policy. Furthermore, the multinomial logit model can be compared to involve customer behavior when the room rate changes dynamically along the planning horizon.
